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ABSTRACT 
Quiescent cottonseeds stored in a  dry,  anaerobic situation for over a  year have been  shown 
to contain  cells whose contents  are ultrastructurally  similar  to those  of normal,  fully hy- 
drated  plant cells. Plastids,  mitochondria,  and nuclei of the cells of cotyledon tissue in dry 
seeds possess normal-looking double membranes even under  conditions of extreme desicca- 
tion. Previous reports have indicated  on the basis of light microscopic work, that  the cells 
of certain dry seeds do not possess nuclear membranes or mitochondria.  The cells of the dry 
cottonseed  do contain  these structures,  however.  Dictyosomes have not been  observed  in 
the spongy parenchymal cells of the cotyledon tissue; it is suggested that they are concerned 
with translocation and/or utilization of material. The storage materials in the cells, protein 
and oil, are contained in vacuolar areas enclosed by a single membrane. 
Seeds offer a  convenient base  line in  ontogenetic 
studies  of the plant.  Many ultrastructural  studies 
have been directed  to the  terminal  stages  of seed 
development  (7,  8,  12,  17,  27)  or  to  the  initial 
stages of seed germination  (4,  10,  18,  22,  28),  but 
relatively few studies have been conducted on the 
dry seed per se.  Yet an understanding  of the final 
changes  on  maturation  and  the  first  events  of 
germination  requires  information  on  the  mature, 
quiescent seed as a  point of reference. 
Studies  of biochemical  changes  in  seeds  which 
have  initiated  germination  processes  (1,  9,  31) 
show a  dramatic rise in activity of many enzymes 
within a very short time. Wasserman (29), working 
with  light  microscopy,  was  unable  to  see  mito- 
chondria in cells of the dry seed. However, within 
12 to 24 hours after the seeds had imbibed water, 
mitochondria  in cells became visible, presumably 
arising  de  novo.  Thus,  it  is  obvious  that  changes 
occur  quite  rapidly  in  seeds  after  imbibition  of 
water. 
Unfortunately, most electron microscope studies 
have been conducted on seeds which were allowed 
to imbibe water for various periods prior to fixa- 
tion (16,  18, 25, 28). Since rapid changes do occur 
in seeds upon  imbibition of water,  any technique 
involving  imbibition  of  water,  even  for  short 
periods,  may not reflect their original condition. 
The paucity of studies on dry seeds is probably 
due to the extreme difficulty of working with them. 
This study, therefore, was undertaken to determine 
the structure  of cells in dry,  quiescent seeds fixed 
directly  without  prior  hydration. 
MATERIALS  AND  METHODS 
A master sample of cottonseed (Gossypium hirsutum L., 
var. Acala 4-42-77, Glandless) harvested in Fall, 1962 
was stored in a  vacuum desiccator with a  desiccant 
at  3°C  and  subsamples  were  removed  as  needed. 
Sections of tissue approximately 0.3 mm in diameter 
were cut carefully from the seed  and  fixed immedi- 
ately in two different fixatives, osmium tetroxide and 
permanganate  salts. 
OSMIUM  :  Since earlier work indicated that vari- 
ous solvents deranged the normal structure of the dry 
193 seed  (30),  one fixative was chosen to avoid aqueous 
and organic solvents. This was accomplished by the 
use  of osmium  tetroxide  fumes.  Dry  tissue  sections 
were  placed  into  a  glass-stoppered  flask  containing 
osmium tetroxide crystals. The sections were fixed in 
the fumes for varying periods and dehydrated in Dur- 
cupan A or pure acetone. Aqueous osmium tetroxide 
fixation was carried out according to the method of 
Palade  (19). 
Osmium fixation has proven rather unsatisfactory 
for botanical work  (3,  6,  8,  15,  20),  but is even less 
satisfactory for oilseeds (27). The results of this study 
concur; however,  osmium fLxation  was useful in the 
interpretation of lipid location. 
PER~tANOANATE:  Potassium  and  lithium  per- 
manganate fixatives were used as  a 2  per cent  aque- 
ous solution with no provisions for buffering. Tissue 
sections were placed into the permanganate solution 
at 0°C for 3 hours. The sections were dehydrated in a 
graded series of aqueous acetone solutions with several 
final rinses in pure  acetone.  Lithium permanganate 
appeared  to give slightly better fixation than potas- 
sium  permanganate,  although  both  permanganate 
fixatives performed well. 
PLASTIC  EMBEDDING:  Osmium  fume-fixed tis- 
sue  was  embedded  in  methyl:butyl  methacrylate 
(3:1)  with  0.5  per  cent  Luperco  CDB  and  polym- 
erized  at  60°C.  Since  permanganate-fixed  tissue 
swelled  during  polymerization,  all  permanganate- 
fixed tissue was embedded in Maraglas according to 
the method of Spurlock et al.  (26). 
Resin  mixtures  penetrate  dry  seed  material  with 
difficulty.  The  currently used  method  is  as  follows: 
dehydrated tissue sections from  100 per cent  acetone 
were  placed  into  freshly  mixed  plastic without  ac- 
celerator, capped tightly,  and stored in a  desiccator. 
After several weeks, the sections were transferred to a 
vial containing the plastic mixture plus  accelerator, 
and  the  vial was  then placed  onto  a  slow  rotating 
wheel  for several hours.  The sections were  then re- 
moved  and  placed  into a  new  complete  mixture  of 
resin in an embedding boat and polymerized at 60°C. 
Thin sections were cut with a diamond knife at an 
interference  color  of  grey  to  gold  with  a  ServaU 
Porter-Blum  microtome. I The  sections  were  placed 
on  carbon-coated  grids  and  poststained  with  lead 
citrate  (23).  The  tissue  was  observed  in  Phillips 
EM-75, EM-100, and EM-200 microscopes. 
RESULTS  AND  DISCUSSION 
Electron  micrographs  at very low  magnifications 
are  very  similar  to  pictures  obtained  with  light 
microscopy.  The  upper  and  lower  epidermis  of 
the  cotyledons  has  a  cuticular  covering which  is 
I Reference  to  commercial  products  does  not  imply 
their recommendation over others equally suitable. 
extremely resistant to permanganate fixatives. The 
mesophyll  is  composed  of  a  palisade  layer  and 
spongy  parenchymal cells.  The typical mesophyll 
cell is filled with numerous aleurone grains, which 
are  interspersed  in  a  fine,  cytoplasmic  network 
that forms  the matrix of the  cell.  Within the in- 
terstices  of the  matrix  are  minute  lipid  droplets. 
Certain cells in the epidermis and in the provascu- 
lar  regions  contain  much  more  cytoplasmic  ma- 
terial than the typical mesophyll cells.  These cells 
are  richer in organelles. 
Observations under  higher  magnifications will 
be given in the following sections which detail the 
various  cytoplasmic  constituents. 
HYALOPLASM:  One  of the  most  striking  as- 
pects  of  the  dry  seed  parenchymal  cell  is  the 
morphology  of  the  hyaloplasm.  In  the  electron 
microscope  image  it  assumes  a  reticular  appear- 
ance; within the groundwork of the retieulum can 
be  found  the  organelles,  the  endoplasmic  reticu- 
lum,  and  others  (Figs.  1,  3  to  5).  Occasionally, 
cytoplasmic connections, the plasmodesmata,  can 
be seen between two cells  (Fig.  1). 
SPHEROSOMES :  Numerous  vacuolar  areas 
within the cytoplasm are responsible for the reticu- 
lar appearance of the hyaloplasm.  They range in 
size  from 0.3  to  3  /~  in  diameter  and  are  one  of 
the  dominant  features  of  the  cotton  seed  paren- 
chymal  cells  (Figs.  1,  5). 
After  osmium  fixation  the  vacuolar  areas  are 
electron-opaque  (Fig.  2).  This  is  caused  by  the 
high content of unsaturated fatty acids in cotton- 
seed oil  (5)  and indicates that the vacuolar areas 
are the sites of oil storage. 
On the other hand, after permanganate fixation 
the vacuolar areas are electron-transparent. Since 
aqueous permanganate is not miscible with lipids, 
this tends to confirm that the material occupying 
the vacuoles is probably lipid  (13). 
The  edges  of  the  vacuolar  spaces  are  charac- 
teristically  bounded  by  an  apparent  membrane 
which has not yet been resolved into the unit mem- 
brane  structure.  Generally,  this line of demarca- 
tion  is  more  densely  stained  than  an  ordinary 
membrane.  Part  of the  reason  for  the  density  of 
the line could  be the deposition of manganese  at 
the  interface  of a  lipid  droplet  and  the  aqueous 
permanganate fixing solution. 
Frey-Wyssling et  al.  (10)  have shown  a  similar 
morphology for rapeseed  and  have identified  the 
oil  droplets  with  the  classical  spherosomes  found 
in  the  epidermis  of onion bulbs.  They  state  that 
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Nieuwdorp  (16)  has  also  observed  similar  bodies 
in  the  scutellum  of  barley  endosperm  and  has 
tentatively classified them as spherosomes.  The oil 
droplets will, therefore, be called spherosomes. 
ALEURONE  GRAINS:  The  most obvious sub- 
cellular constituents in the cottonseed parenchymal 
cell,  even  at  the  light  microscope  level,  are  the 
aleurone  grains.  These  were  among the few con- 
tents of cells known before 1840  (24),  and by 1855 
Hartig  (1 l) had succeeded in isolating them from 
various oilseeds. 
The aleurone grains in cottonseeds are spherical 
bodies  with  an  apparent  homogeneous  matrix 
which  stains  evenly with  both  osmium  and  per- 
manganate  fixatives.  They  range  in  size  from 
about  1 to 20 #  in diameter,  averaging around  4 
to  6  /z.  The  aleurone  grain  of the  cottonseed  is 
bordered  by a  single  membrane  which  has  been 
resolved into the unit membrane structure (Fig. 6). 
Embedded  within  the  homogeneous  matrix  of 
the  aleurone  grain  are  the  globoids  (Figs.  1,  5). 
They are not delineated by a membrane, although 
occasionally an  interface  line  is visible.  The  glo- 
boids are electron-transparent  after permanganate 
fixation  and  often  electron-opaque  after  osmium 
fixation. 
The aleurone grains are the site of protein stor- 
age.  The  storage  proteins  of seeds  have  recently 
been  named  "aleurins,"  denoting  a  cytological 
localization of the major seed proteins  (2). 
NUCLEUS:  Although  the  aleurone  grains  of 
the cottonseed parenchymal cell tend  to  be  sphe- 
roids,  the nuclei assume various shapes.  Generally, 
the  nuclei  are  irregularly  shaped  and  their  con- 
tents  are  mottled  after  permanganate  fixation. 
Each nucleus is surrounded by a double membrane 
which  exhibits  discontinuities,  the  pores.  Light 
microscope studies have indicated  a  lack of mem- 
branes  around  the nucleus of a  dry seed  (14),  but 
this is not true  in the case of dry cottonseed. 
MITOCHONDRIA:  The  population  density  of 
these organelles varies among the cell types.  The 
typical mesophyll parenchymal  cell contains very 
few,  whereas  the  cells in  the  provascular  region 
contain  numerous  mitochondria  (Fig.  3). 
The  mitochondria  in  the  cells of the  dry  seed 
resemble  those found  in normal  cells.  They aver- 
age about 0.5  to 0.7 #  in width by  1.0  and  1.3  # 
in  length.  They  possess  the  typical  double  mem- 
branes  and  the  conventional  cristae.  The  cristae 
range from sparse to moderate in number. 
Generally, the mitochondria are ovoid in shape, 
although  it  is  not  uncommon  to  find  irregularly 
shaped ones. Quite often small granules or globules 
can be seen within the matrix of the mitochondria 
(Fig. 3). 
PROeLASTIDS:  Most  of the cells which  have 
been  examined  contain  proplastids.  The  proplas- 
tids  are  bounded  by  a  double  membrane  whose 
inner  membrane  invaginates  to  form  variously 
shaped  infoldings, some of which resemble cristae 
mitochondriales.  The  infoldings  are  usually  less 
numerous  than  in  the  mitochondria  and  are  apt 
to  assume  strange  configurations  such  as  rings  or 
lamellar structures  (Fig.  3). 
The  proplastids  generally  are  ovoid  in  shape, 
although  it  is  common  to  see  misshapen  ones. 
They range in diameter from slightly less than  1 /z 
to about 3 #.  They usually possess globules which 
vary in size, from approximately 300 to 2,000 A  in 
diameter.  The  globules  stain  with  both  osmium 
and permanganate. 
Although many seeds contain amyloplasts  with 
starch  grains,  no starch  grains have  been  seen in 
the dry,  mature  cottonseed. 
DICTYOSOMES:  Dictyosomes  in  the  cells  of 
parenchymal  tissue  are  conspicuous  by  their  ab- 
sence. It may be that their membranes are stacked 
so  closely  together  within  the  framework  of the 
cytoplasmic network that they are not readily ap- 
parent.  Closely appressed  lamellar structures have 
been observed within the matrix of the cytoplasmic 
network  occasionally;  however,  they  did  not 
possess the typical morphology of the dictyosome. 
On  occasion,  dictyosomes  have  been  observed 
in the cells of provascular tissue  (Fig. 4),  but even 
there they are very sparse. 
In  a  preliminary  study,  dictyosomes were  seen 
in cells of the cotyledon tissue of dry castor beans. 
However,  in  the castor  bean  the  storage  tissue  is 
the endosperm.  In this case,  the cotyledon would 
be a  recipient tissue for stored food in contrast  to 
the cottonseed  cotyledon which  is a  donor  tissue. 
Nieuwdorp  (16)  observed  dictyosomes  in  the 
scutellum of barley which is also a recipient tissue. 
ENDOPLASMIC  RETICULUM:  The  endoplas- 
mic reticulum is rather poorly defined in mesophyll 
parenchymal cells of the dry seed, but tubules and 
cross-sections  of  the  endoplasmic  reticulum  can 
be seen within the groundwork of the hyaloplasmic 
network.  Since  the  micrographs  are  of  material 
fixed in  permanganate  fixation,  no ribosomes are 
visible. 
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evidence for the  presence  of ribosomes in cells of 
the  dry  cottonseed,  Phillips  (21)  has  recently 
succeeded in isolating ribosomes from the cotton- 
seed  and  has  characterized  them chemically and 
physically. 
REFERENCES 
1.  AKAZAWA, T.,  and  BEEVERS, H.,  Biochem.  J., 
1957,  67,  115. 
2.  ALTSCnUL, A.  M.,  NEUCERE, N. J.,  WOODHAM, 
A. A., and DECr~ARY, J. M., Nature, 1964,  203, 
501. 
3.  ArzEuus, B. A., in The Interpretation of Ultra- 
structure,  Symposia  of the  International  So- 
ciety for Cell Biology, (R. J. C. Harris, editor), 
New York, Academic Press,  Inc., 1962, 1. 
4.  BAGLEY,  B. W., CHERRY,  J. H., ROLLINS, M. L., 
and  ALTSCHUL, A. M.,  Am. J. Bot.,  1963, 50, 
523. 
5.  BAHR, G. F., Exp. Cell Research, 1954, 7,457. 
6.  BELL, P. R., and Mi)HLETHALER,  K., J. Cell Biol., 
1964, 20, 235. 
The  author  would  like  to  acknowledge  Dr.  H.  H. 
Mollcnhaner  and  Dr.  E.  Mark  Engleman  for  their 
helpful  suggestions  and  discussions,  and  also  the 
National Cottonseed Products Association, Memphis, 
Tennessee,  under  whose  associateship  program  this 
work was conducted. 
Received  for publication, October 7, 1963. 
7.  BILS, R.  F.,  and  HOWELL, R.  W.,  Crop Science, 
1963,  3, 304. 
8.  BUTTROSE,  M. S., Australian J. Biol. Sc., 1963,  16, 
305. 
9.  CHERRY,  J. H., Plant Physiol., 1963,  38,440. 
10.  FREY-WYssLING, A., GRIESHABER,  E., and  MUH- 
LETHALER~ K.~  J.  Ultrastruct.  Research,  1963, 
8, 506. 
11.  HARTIO, T., Bot. Ztg.,  1855,  13, 881. 
12.  JENmNQS,  A.  C.,  MORTON, R.  K.,  and  PALK, 
B. A., Australian J. Biol.  So., 1963,  16,  366. 
13.  LUFT,  J. H., J. Biophysie. and Biochem. Cytol., 1956, 
2, 799. 
14.  MIDDENDORr,  F. G., Bot. Gaz.,  1939,  100,485. 
Abbreviations  Used in Figures 
Al, aleurone grains  Mr, mitochondria 
CW, cell wall  N, nucleus 
D, dictyosome  Pd, plasmodesmata 
ER, endoplasmic reticulum  Pp, proplastid 
Gl, globoid  S, spherosome 
FIOURE 1  A typical spongy parenchymal cell from the cotyledon of a  dry cottonseed. 
Note  the  sparsity  of hyaloplasmic  material;  organelles such  as  mitochondfia  and  pro- 
plastids can be seen within the matrix of the hyaloplasm. The electron-transparent circular 
areas,  the spherosomes,  are the sites of oil storage, and the large electron-opaque circular 
areas, the aleurone grains, are the sites of protein storage. Lithium permanganate fixation. 
X  7,000. 
FmvaE ~  A portion of a similar cell fixed in osmium tetroxide. Notice that the sphero- 
somes (S)  are electron-opaque, in contrast to the electron-transparent  appearance in the 
previous picture. This is the only micrograph presented of material fixed in osmium te- 
troxide. )< 7,000. 
FIGURE 8  A  cell observed within the provascular region of the cotyledon tissue.  The 
cells in the provascular region tend to be richer in cytoplasm and have a higher density 
of organelles. This cell was  unusually rich in mitochondria; note the proplastid with its 
characteristic globules.  Lithium permanganate fixation.  X  12,000. 
I~kGUR~'. 4  A cell observed in the proximity of the previous cell (Fig. 3).  This cell con- 
tains a profile of a dictyosome. The dictyosomes are very sparse or difficult to see in cells 
of the dry seed cotyledon tissue. Lithium permanganate fixation. X  16,000. 
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FIGURE 5  A higher magnification of a spongy parenchymal cell. Notice the double mem- 
branes  of  the  mitochondria  (double  arrows)  and  the  single  membrane  enveloping the 
aleurone grain (single  arrows).  The globoids which can be seen  in this micrograph show 
no membranes.  X  ~4,000. 
X~¢tmE 6  A much higher magnification of the single membrane enveloping the aleurone 
grain.  This micrograph shows that  the  single  membrane  is  a  unit  membrane.  Lithium 
permanganate fixation. X  ~8,000. 
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